Relations of landform types to wind regimes, bedrock composition, sediment supply, and topography are shown by field studies and satellite photographs of the Western Desert of Egypt. This desert, which lies at the core of the largest hyperarid region on earth, provides analogs of Martian wind-formed features. These include sand dunes, alternating light and dark streaks, knob 'shadows,' and yardangs. Surface particles have been segregated by wind into deposits (dunes, sand sheets, and light streaks) that can be differentiated by their grain size distributions, surface shapes, and colors. Throughgoing sand of mostly fine to medium grain size is migrating southward in longitudinal dune belts and barchan chains whose long axes lie parallel to the prevailing northerly winds, but topographic variations such as scarps and depressions strongly influence the zones of deposition and dune morphology. Sand from the longitudinal dunes on the plains is commonly redistributed into barchans in the depressions. These barchans are generally simple crescents that are morphologically similar to many of the dunes seen on Viking orbiter pictures of the north polar sand sea on mars. Light streaks are depositional features consisting of dune belts and elongate sheets of coarse to medium sand and granules. Intervening dark streaks are erosional features consisting of strips of desert-varnished bedrock and lag gravel surfaces exposed between the sand deposits. The shape of both light and dark streaks is controlled by wind flow around topographic highs. Dark zones (shadows) in the lee of mountains, hills, and knobs are erosional products from the topographic highs; they change shape only in response to movement of the adjacent lighter-colored sand deposits. Streamlined yardangs carved in crystalline limestone constitute one of the largest yardang fields on earth. Yardangs occur also in sandstone of the Nubian Series and in lacustrine sediments. The variables that affect the patterns of wind erosion and deposition in the Western Desert are topographic effects on wind velocities and directions, resistance of the bedrock, sand supply, and climatic change with time; vegetation is essentially absent and is not a controlling factor.
INTRODUCTION

In Egypt the Western Desert extends from the Libyan border to the Nile River and from the Mediterranean
Sea to the border of Sudan at latitude 22øN. The desert occupies 681,000 km 2, more than two thirds of the total area of Egypt. The region consists of gently northward dipping sandstone and limestone that have been eroded to an eolian peneplain and veneered with windblown debris. The remarkably fiat terrain is broken by numerous escarpments that bound depressions, by scattered inselbergs, and in the southwest corner, by the Gilf Kebir Plateau and the isolated, circular mountains centered around Uweinat (Figures 1 and 2) . Figure 2 ). Light-colored eolian deposits in the form of dunes, sand sheets, and streaks cover most of the Western Desert. In contrast to the Eastern Desert, few traces of fluvial processes remain in the Western Desert [Haynes, 1978] , and the landscape is dominantly wind formed. East of the Great Sand Sea, numerous other belts of longitudinal dunes are migrating southward across the Western Desert. The largest array of dunes extends south-southeast from the Qattara Depression (Figure 2 ). This wind-excavated basin [Ball, 1927; Said, 1962] , the largest depression in Egypt, occupies an area of approximately 19,500 km: below sea level. The depression's northern and western margins are marked by a steep scarp capped by limestone of the Mamarican Formation of Miocene age, which are underlain by the t¾iable sand and silt of the Moghra Formation of Miocene age [Said, 1960] . The southern and eastern margins of the depression rise gradually into the fiat plain that stretches unbroken to the Bahariya Depression (Figure 2 ). Nearly 5800 km: of the floor of the Qattara Depression is covered by sebkha (water-saturated salt that is thinly mantied with sand). The remainder consists of exposed bedrock and deposits of sand, pebbles, and clay.
Enormous volumes of sedimentary rock debris have been removed from the Qattara Depression by deflation [Said, 1960; Squyres and Bradley, 1964] [Norris, 1969] , southern Africa [Logan, 1960] , North Africa [Alimen, 1957] , and Australia [Twidale, 1972] have suggested that relative redness of sand increases with age of the dunes. The progressive reddening of desert sands, due to the weathering of heavy mineral grains and ferruginous clay particles, first to yellow limonite and then to red hematite, has been described by Folk [1976] . One of the largest fields of small yardangs in soft lacustrine deposits occupies the floor of the Kharga Depression east of Kharga. It is easily accessible along the paved highway to Assiut, a few kilometers north of Kharga. The lacustrine deposits consist of slightly indurated, brownish sand and clay that unconformably overlie harder and older rocks. They are furrowed by wind and sand into a multitude of elongated hummocks, which are 3-5 m high, a few meters wide, and tens of meters long [Beadnell, 1909, p. 111] . The rate at which the lacustrine deposits are deflated varies from layer to layer according to slight differences in resistance to weathering and erosion: degree of cementation and bedding and jointing patterns are among the controlling factors. The resulting landform is known under a variety of evocative names such as One day's ground reconnaissance of these features showed the irregular tops of the larger yardangs on the plateau to be mantled by a grayish-pink residual material described by Haynes [1978] as terra rossa. It is similar to the terra rossa so commonly found on limestone terrain in much of the Mediterranean region. Terra rossa extends downward into cracks and irregular cavities within the limestone. The upper part of the Thebes Limestone--the part that is furrowed by the wind--is silicified, and it is unusually hard and resistant. Siliceous concretions--the melons of British geologists and 'battikh' of Egyptian geologists--are common erosional remnants on the windswept surface of the kharafish terrain. The chemical changes implied by terra rossa, by silicification, and by solution features such as interconnecting cavities suggest that a wetter climate had prevailed over the region for a long time prior to the conditions of extreme aridity that must have prevailed during the carving, by the wind, of the limestone yardangs. A general outline of the Quaternary climatic fluctuations in this region is described by Murray [1951] .
The smaller streamlined rock exposures typical of the kharafish terrain are intensely fluted into the wind, in the lee of the wind, and also on side slopes. They resemble artichoke heads or the prows of heavy ships, with the stern or the prow pointing into the wind (Figure I lb) . The wind-fluted and polished crystalline limestone glistens in the sun in an interval of several meters high above the couloirs, which are choked with ripples of abrading sand and granules. Unlike sharp-crested, keel-shaped yardangs of other deserts these are commonly fiat topped and retain some of the weathered surface that predates wind erosion. Thus these yardangs seem less mature than the sharp-crested variety, and the tops may mark a surface below which the depth of wind erosion can be estimated. The relation of yardang development to rock types and climate changes will be an important component of our future investigations. The discovery and preliminary description of these wind features in bedrock of the Kharga area was one of the major results of our expedition. A detailed study of the extraordinarily large yardang field in the Thebes Limestone may lead to a better understanding of the extensive yardang fields seen on Mars (Figure 10b 
